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This paper summarises on radiation tests on the main components for the WorldFIP fieldbus 
interface. The chipset based on 0.6 μm technology has a total dose tolerance of 100 Gy (Co-
60) and in standalone mode, no functional interrupts from single events have been observed 
during proton irradiation (60 MeV). The chipset based on 0.5 μm technology has a total dose 
tolerance of 150 Gy (Co-60) but shows a sharp increase in the single event cross section after 
a dose of 70 Gy. Finally, it was found that the chipset based on 0.5 μm technology operates 
reliable in standalone mode in a magnetic field up to 4.6 kGauss. 
 
 
1.  Introduction 
In 2001, the Working Group on Fieldbuses recommended Profibus, CAN and WorldFIP 
fieldbus technology for use in the LHC [1]. Following this recommendation, many machine 
equipment groups choose WorldFIP technology as this protocol allows deterministic data 
transfer over long distances. Among the main users are the function generators for the power 
converters (WorldFIP at 2.5 Mbits/s), the quench protection supervision electronics (1 Mbit/s), 
the BLM/BPM electronics crates (33 kbp/s), the signal conditioners for cryogenic equipment (1 
Mbit/s) and the radiation monitoring system (1 Mbit/s). In total, some 8000 WorldFIP interface 
cards or chipsets will be simultaneously operational in the LHC. 
When there is a circulating beam, many of these interface cards will be exposed to low or 
medium levels of radiation.  The radiation tolerance of the interface has been of early concern 
and first radiation tests on the components were carried out in 2001 [2]. In these experiments, a 
0.6 μm WorldFIP interface at 1 Mbit/s in micro controlled mode was irradiated with 60 MeV 
protons and Single Event Upsets(SEUs) in the 512-byte dual ported RAM of the ASIC were 
observed. The control and status registers that provide access to this memory were equally 
found subject to SEUs but these errors did not produce functional interrupts. Based on these 
results, many equipment groups decided to use these interfaces in various ways and at a very 
large scale.  
The 0.6 μm WorldFIP chipset has now become obsolete and present day WorldFIP 
interface cards and chipsets are based on 0.5 μm CMOS technology. Such Technology scaling 
generally results in a higher tolerance to Total Dose Effects but an increased sensitivity to 
Single Event Errors (SEEs) [3]. In the remainder of this paper we will investigate this 
phenomenon by comparing the radiation tolerance of the 0.6 μm and the 0.5 μm WorldFIP 
chipsets at 1 Mbit/s operated in stand-alone mode. 
This is an internal CERN publication and does not necessarily reflect the views of the LHC project management. 
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2.  WorldFIP Interface  
2.1 WorldFIP chipset 
Both the MicroFIP CC131/2/3 boards and the MicroFIP chipset use the same 3 main 
components which are the MicroFIP communication chip, the FIELDRIVE Line Driver and the 
FIELDTR Line insulating transformer (figure 1). 
 
Figure 1 : Board layout of the CC131/2/3 μFIP interface card showing the FieldTr, MicroFIP 
chip and the FIeldDrive. 
The MicroFIP chip is an ASIC that implements the WorldFIP protocol. The chip can be 
operated in micro controlled mode (with a microprocessor next to it) or in standalone mode 
(without a microprocessor). The MicroFIP connects to the FieldDrive which is line 
driver/receiver with a transmit error detection circuitry. The FieldDrive chip is a combined 
analogue/digital design and it has a passive filter to fix the network bit rate. The FieldTr 
component consists of an insulating transformer which provides the galvanic isolation between 
the line driver and the fieldbus medium.  
2.2 WorldFIP CMOS technology 
The large majority of WorldFIP interfaces presently installed in the machine tunnel use a 
0.6 μm MicroFIP ASIC combined with a 1.5 μm bi-CMOS FieldDrive chip. These components 
are not in production anymore and there is no significant stock left at CERN.  
An estimated 10% of the WorldFIP interfaces installed in the LHC installed in the 
machine tunnel are based on a MicroFIP chip using 0.5 μm CMOS technology and a 
FieldDrive chip using a bi-CMOS technology at 0.6 μm. These components are the current 
standard and can be shipped by the manufacturer on demand. 
Furthermore, a few WorldFIP nodes in the LHC tunnel is using a mixture of components 
but it is not known how many nodes are concerned.  
The manufacturers for the components are Philips and National Semiconductor for the 
0.6 μm technology and AMI Semiconductors and X-FAB Semiconductor foundries for the 0.5 
μm CMOS technology. The mixed analogue/digital design of the new FIELDR at 0.6 μm is 
based on bi-CMOS technology with 0.6 μm double poly, double metal N-well CMOS process 
[4] which is very different compared to the former classical bi-CMOS 1.5 μm design. 
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 Table I and II summarise on the components of the WorldFIP chipset, the manufacturers 
and the CMOS technology. 
Table 1 : Feature size of (obsolete) WorldFIP interface components installed in the LHC 
Component  Manufacturer Technology 
MicroFIP-MQFP100 Philips – VY27257 0.6 μm 
FieldDrive-PLCC28 NS- CG0233AC2 1.5 μm 
Table 2 :Feature size of WorldFIP interface components (presently shipping)  
Component Manufacturer Technology 
MicroFIP-MQFP100 AMIS – 15016.528 AMI 0.5 μm 
FieldDrive-PLCC28 SSSL-SSSBB222 XFAB 0.6 μm 
 
2.3 Functional aspects of the WorldFIP interface 
 
If the MicroFIP chip is operated in standalone mode, it is possible to interface directly 
with the process inputs and outputs via two bidirectional ports of 8 bits each. The state of 
these ports is directly mapped on the network using produced and consumed variables (the 
PIA in figure 2). At startup, the MicroFIP chip loads the contents of the control and status 
registers.  In standalone mode, the chip configuration and identification settings data are 
loaded into an on board RAM from a flash memory. The settings data can only be modified 
via the external input pins. After initialisation, the chip will immediately start to execute the 
main control activity which is the variable (or message) exchange handling. It was found that, 
once operational, only a small amount of status and control registers is actually used to 
execute the WorldFIP protocol. When the device configuration memory gets corrupted (for 
example due to a SEU) a reset (PIN68 “RSTIN”) will reinitialise the MicroFIP chip and 
restore the original configuration settings from flash memory back into the RAM.  
 
 
Figure 2 : Block diagram of the MicroFIP chip. 
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In micro controlled mode, the microcontroller communicates with the MicroFIP chip 
through an embedded dual port RAM memory which consists of 15 blocks of 8 bytes each. 
The variable (and message) contents are stored in this memory and they are accessible 
through a set of control and status registers. The configuration registers which are used to 
control the FIP activity are equally located in the dual ported RAM memory and can be 
accessed by the microcontroller. In micro controlled mode, it is thus possible to rewrite 
repeatedly the contents of the dual ported RAM memory. 
 
Figure 3 : Block diagram of the FieldDrive chip. 
 
The receiver part of the FieldDrive consists of analogue and digital circuitry (figure 3). 
The analog circuitry (a set of comparators) translates the received signals to digital levels. The 
comparators output is then processed digitally to produce a carrier detect signal. The digital 
processing consists in sampling the received signals on alternate asynchronous clock edges to 
separate glitches from valid signals. 
  
The input signal to the receiver is a differential signal from the line transformer, centred 
around a reference. If the reference signal drifts due to damage from Total Ionising Dose for 
example, it is possible that valid information is discarded or that invalid information is 
wrongly interpreted as a valid signal. Spurious carrier detect signals caused by the impact of 
high energetic hadrons are another potential source of radiation induced errors.  
 
The transmitter part of the FIELDRIVE is a differential line driver which has a load 
current monitoring detection mechanism. It provides an error flag if the drivers are in 
overload or in underload state. 
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3.  Radiation testing 
3.1 Experimental conditions  
  The WorldFIP chipset has been exposed to ionising radiation from a 60-Co source 
(gamma rays at 1.1 MeV) and to non-ionising radiation from neutrons at 0.9 MeV from a 
nuclear fission reactor. The Single Event Error tests were carried out with a proton beam with 
energies from 60 to 250 MeV. These radiation facilities are calibrated and operated according 
to internationally accepted standards. No specific annealing experiments have been carried out. 
Whenever possible, the 0.5 μm and the 0.6 μm CMOS technologies enlisted in table 1 
and 2 were irradiated in the same facility under identical conditions. All radiation tests were 
carried out at room temperature, using the MicroFIP interface at a line speed of 1 Mbit/s in 
standalone mode. During the tests, the WorldFIP devices were accessed with periodic traffic at 
a frequency of approximately 90 Hz. 
3.2 Total Ionising Dose  
  The 0.5 μm chipset presented in table 2 was irradiated at the PAGURE irradiator at the 
nuclear research centre of CEA-Saclay in Paris to a total dose of 200 Gy. The irradiation was 
carried out in 4 sessions of 1 hour each and at a dose rate of 50 Gy/hour.  




























Figure 4 : Gamma irradiation test (60-Co source) at 50 Gy/hr of the FieldDrive and the 
MicroFIP chip (0.5 μm feature size, see table 2). 
When exposed to ionising radiation, charge will build up in the SiO2 layers of the 
WorldFIP components resulting in an increase of their current consumption. Before irradiation, 
the joined current consumption of the WorldFIP ASIC and the FieldDrive components is 
approximately 148 mA. Figure 4 shows the combined current consumption of the MicroFIP 
chip and the FieldDrive chip (0.5 μm) as a function of the accumulated dose. The small 
variations in the current consumption are caused by the handling of the incoming and outgoing 
WorldFIP traffic. In addition, charge accumulation on a timescale shorter than the diffusion 
timescale of the radiation defects is probably at causing the moderate current increases between 
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0-50 Gy and 50-100 Gy. The onset of the exponential growth of the current consumption starts 
after a total dose of approximately 150 Gy and indicates the Total Ionising Dose limit.  


















Figure 5 : Current consumption of the of the FieldDrive and the MicroFIP chip during 
proton irradiation test (60 MeV proton beam at 2x108 protons/cm2 per second). 
A similar Total Dose experiment was carried out with a 60 MeV proton beam from the 
cyclotron at the Catholic University of Louvain la Neuve in Belgium. Protons are less 
penetrating than gamma rays and therefore less effective in creating surface damage in CMOS 
devices.  
Figure 5 (solid line) shows the combined current consumption of the MicroFIP chip and 
the FieldDrive chip (0.5 μm) when exposed to protons at 60 MeV at a flux of 2 x 108 protons 
per cm2 per second. The small variations in the current consumption are again caused by the 
handling of the incoming and outgoing WorldFIP traffic. Similar to the case of gamma 
irradiation, the onset of the exponential current increase starts after a total dose of 
approximately 150 Gy but the increase is less pronounced as compared to the irradiation with 
60-Co as expected.  
Figure 5 (crosses) also shows the joined current consumption of the MicroFIP chip and 
the FieldDrive chip using the (obsolete) 0.6 micron CMOS technology which is presently in 
use by many LHC equipment groups in the LHC tunnel. For this feature size, the onset of the 
exponential current increase starts already at 100 Gy and rapidly increases to 200 mA at a total 
dose of 180 Gy. This data confirms the data presented in [2] where several  MicroFIP CC131 at 
1 Mbits/s operated in micro controlled mode were irradiated with a 60 MeV proton beam up to 
total ionising doses of several hundreds of Gy. The late onset of the exponential current 
increase for the thin oxides is in line with the current observations that total dose tolerance of 
CMOS devices increases with decreasing feature size. 
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Table 3 summarises the variations in the current consumption of the MicroFIP chip and 
the FieldDrive chip (0.5 μm) after receiving a total dose of 200 Gy (60-Co). 
Table III : Variation of the current consumption of the MicroFIP ASIC and the FieldDrive 
chip after a dose of 200 Gy (60-Co) 
Total Dose 
[Gy] 




0 34 32 
200 62 40 
For completeness, it should be mentioned here that reference voltage of the FieldDrive 
component (PIN 10) was measured before and after each irradiation experiment and that no 
significant variations were observed. 
3.3 Displacement damage  
The  FieldDrive and the MicroFIP components  (0.5 μm) were irradiated with low energy 
neutrons at 0.9 MeV in the PROSPERO reactor to study the effects of displacement damage. 
PROSPERO is a metallic reactor with a degraded fission spectrum with a 235U core and a 238U 
reflector.  A metallic structure limits the gamma dose (figure 6). The reactor operates in steady 
state mode and steady state conditions are reached within 100 seconds. 
The WorldFIP components were irradiated at a total fluence of 5x1012 neutrons/cm2 at a 
flux of 7x108 neutrons per cm2 per second. The total dose received by the components was 8 
Gy (60-Co equivalent).  
 
Figure 6 : Neutron Irradiation of WorldFIP components with the PROSPERO reactor. 
The reactor was operated at constant power and the joined current consumption of the 
MicroFIP components measured before and after the irradiation (Table IV). Once more, it 
appears that the MicroFIP ASIC is more sensitive to radiation damage than the FieldDrive and 
contributing more to the observed increase in current consumption during irradiation. 
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Table IV: Variation of the current consumption of the MicroFIP ASIC and the FieldDrive chip 
after a total fluence of  5x1012 neutrons/cm2 at 1 MeV. 
1 MeV eq. neutron 
fluence 
[neutrons/cm2] 




0 34 32 
5x1012 52 38 
 
3.4 Single Event Errors 
Single Events occur when a radiation event changes the charge collected at a sensitive 
node in a chip. This may lead to the corruption of the data stored in the device and to a 
functional interrupts (device ‘hangs’). SRAM memory structures are well known to be 
vulnerable to Single Event Errors but logic circuits can also be susceptible.  
In the radiation environment of the LHC, we expect that SEE will be mainly caused by 
high energetic hadrons such as protons and neutrons. Simulations [5] have shown that a proton 
beam at 60 MeV is sufficient to obtain the saturated SEE cross section of a device 
experimentally. 
First single event tests described in [2] used a MicroFIP chip (0.6 μm) in micro controlled 
mode at a line speed of 1 Mbit/s. By writing and reading back from the dual port RAM memory 
every 30 s, the saturated SEU cross section of the on board memory could be determined 
experimentally at 1.3x10-14 cm2 per bit. No functional interrupts were observed in those 
experiments and in micro controlled mode, the MicroFIP chip remained operational up to a 
total dose of 400 Gy.  
 
Figure 7 : Single Event Radiation test of the WorldFIP interface with 60 MeV protons 
These radiation tests have been repeated using the MicroFIP interface (0.6 μm) in 
standalone mode instead (figure 7). Again, no functional interrupts were observed and the 
interface continued to work correctly up to a total dose of 200 Gy, value at which the 
experiment was intentionally stopped. 
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The radiation tolerance of the MicroFIP chip with the 0.5 μm technology appeared to be 
quite different. Table V summarises the results that were obtained during irradiation of the 
MicroFIP chip with 60 MeV protons in standalone mode at a line speed of 1 Mbit/s and a cycle 
speed of 90 Hz. Several functional interrupts occurred (device “hangs”) after which no further 
communication with the interface was possible. A reset (PIN68 “RSTIN”) or power cycle of 
the MicroFIP was required to regain normal functionality. Table V gives the total dose at the 
occurrence of these first events and the averaged single cross section, defined as the number of 
errors per incident proton. The devices in the table were all irradiated up to a total dose of 200 
Gy.  
Table V: Cross section for functional interrupts of the MicroFIP chip (0.5 μm)  
Device Nbr Dose at First Interrupt [Gy] Device cross section [cm-2] 
0 120 1.8 x 10-11
1 87 1.1 x 10-11
2 108 1.2 x 10-11
Since the MicroFIP chip has control and status registers that are not hardened, we suspect 
that the observed functional interrupts are due to corruption of data stored in these registers 
(but there is no proof that this is indeed the case).  Radiation induced transient in the registers 
can propagated when they occur in conjunction with the clocking of the register and this is a 
well known phenomenon that one may expect with shrinking technology.  
If the observed single event errors are indeed due to the recording of transients on the 
data line, then the probability of observing such events should increase with the WorldFIP 
cycle frequency. 
It remains an open question as to whether the same effects will occur when the WorldFIP 
interface components at 0.5 μm are used in micro controlled mode. 
3.5 Magnetic Field 
The FieldTR components that were mentioned in section 2.1 are insulating transformers 
(see figure 8) and the only WorldFIP components that are influenced by the presence of a 
magnetic field. The FieldTR transformers are different for each of the WorldFIP line speeds 
31.25 kbps, 1 Mbit/s and 2.5 Mbit/s 
The two coils of the FieldTr are connected via a magnetic field. When the current through 
the primary winding is changed, the magnetic field varies and induces a voltage across the 
secondary winding. If an external magnetic field is applied, a larger variation of the variation of 
the current in the primary winding is required to generate the same voltage across the 
secondary winding. The power consumption of the WorldFIP chipset will therefore increase 
when the externally applied magnetic field is increasing. The interface will eventually stop 
working when the ferrite FieldTr transformer core is entirely saturated and/or the power supply 
saturated. If no sufficient cooling is provided, it may well be that thermal damage occurs. 
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Figure 8 : Functional diagram of the WorldFIP FieldTr component 
 
Figure 9 : Magnetic Field test of the WorldFIP interface 
A complete WorldFIP interface at 1 Mbit/s was exposed to a magnetic field in the magnet 
test facility in the North Experimental area of the SPS. The cable length between the device and 
the gateway was approximately 30 m. The WorldFIP device continued to work correctly in a 
magnetic field of 4660 Gauss. Operations were continued for approximately 1 hour in this 
magnetic field without causing any observable heating of the FieldTR component.  
At 1 Mbit/s the FieldTR1S component consumes 43 mA on the average and 60 mA peak. 
The transformer coils apparently have sufficiently design margin to operate correctly in such a 
strong magnetic field. A more detailed test could include on line measurements of the current 
on the network and the transceiver side. 
4. Conclusions 
The reduction in feature size of WorldFIP CMOS components from 0.6 μm to 0.5 μm has 
had an important impact on their radiation tolerance and influences in particular the sensibility 
to soft SEE. The radiation tolerance of the CMOS components follow the standard trend in 
device scaling which are increased tolerance to Total Dose damage and increased sensitivity to 
single events. 
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The major part of the WorldFIP interfaces presently installed in the tunnel will not suffer 
from functional interrupts due to single events as they use 0.6 μm technologies.  As these 
components are now obsolete, it is recommended that equipment upgrades using WorldFIP use 
radiation a design constraint. 
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